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The aim of this cross-sectional study was to determine the effects of smoke exposure on serum and red blood cell 
folate levels. Data collected as part of the Third National Health and Nutrition Examination Survey were analyzed. 
Serum and red blood cell folate levels were measured in active smokers and nonsmokers with high, moderate, and low 
exposure to environmental tobacco smoke. After adjusting for dietary intake of folate and other covariates, we found 
that both smokers and nonsniokers with high smoke exposure had lower red blood cell folate levels than did 
nonsmokers with low smoke exposure (-86nmol/1 [95% confidence interval, Cl, -101 to -71 nmol/1] for smokers; 
— 50nmol/1 [95% Cl -69 to —31 nrool/l] for nonsmokers with high smoke exposure, compared with nonsmokers with 
low smoke exposure). Similarly, after adjustment of dietary intake of folale and other covariates, the log serum 
folate level also was decreased (-0.29 log nmol/1 [95% Cl -0.33 to -0.25log nmol/1] for smokers; -0.161ognmolrt 
[95% Cl - 0.20 to — 0.12lognmol/1) for nonsmokers with high smoke exposure, compared with nonsniokers with low 
smoke exposure). Tobacco smoke exposure is associated with decreased folate levels, which may be a mechanism for 
some of the health effects of active and passive smoking. 


Introduction 

Passive exposure to tobacco smoke is a risk factor for 
the development and exacerbation of respiratory and 
cardiovascular disease among children and adults 
(California Environmental Protection Agency, 1997). 
One of the proposed mechanisms for this finding is 
that the oxidative stress of smoke results in distur¬ 
bances in the lung’s antioxidant defenses (Howard, 
Ota, Briggs, Hampton, & Pritsos, 1998). 
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Folate is an essential vitamin. Folate levels have 
been hypothesized as important in the pathophysio¬ 
logy of many diseases, including neural tube defects 
in neonates (Butterworth <Sc Bendich, 1996), breast 
cancer and colorectal cancer in adults (Kim, 1999; 
Langman & Boyle, 1998), and atherosclerotic disease 
in adults (Klor, Hauenschild, Holbach, Schnell- 
Kretschmer, & Stroh, 1997). Active cigarette smokers 
have lower folate levels in their serum, red blood cells, 
and respiratory tract (Giles, Kittner, Croft, Anda, 
Casper, & Ford, 1998; Heimburger, 1992; Piyathilake, 
Macaluso, Hine, Richards, & Krumdieck, 1994), and 
(hese low levels may be an important factor in the 
morbidity and mortality associated with tobacco 
smoking. The extent to which passive smoking 
decreases folate levels has not been examined. 

The present study analyzed data from the Third 
National Health and Nutrition Examination Survey 
(NHANES III) to determine the effects of both active 
and passive exposure to tobacco smoke, defined using 
serum cotinine levels, on serum and red blood cell 
levels of folate. 
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analyzed separately in each quartile. The same 
covariates noted above were used in the logistic 
regression models to predict low serum or red blood 
cell folate levels or a high MCV, using clinically 
significant levels of 340 nmol/1 for red blood cell folate, 
6.8nmol/l for serum folate, and lOOfl for MCV (Snow, 
1999), We used S-Plus (MathSoft Inc., Seattle, WA) to 
graphically display the continuous relation between 
covariate-adjusted red blood cell folate levels and 
cotinine levels in nonsmokers by using loess smooth¬ 
ing within a generalized additive model and deter¬ 
mined the confidence limits of (tie prediction using the 
following formulas: If /= Sy, where / is the predicted 
effect, y is the data, and S the smoothing matrix, then 
cov(/) = SS'x 2 , where s 2 = var(_y). The square root of 
the diagonal elements is the pointwise standard error 
of the prediction. The confidence limits are plus or 
minus 1.96 of these standard errors. All confidence 
intervals ( Cl ) reported in this paper are 95%, 

Results 

A total of 20,050 adults participated in the question¬ 
naire component of NHANES III. Of these subjects, 
1,888 did not participate in the examination, 1,600 did 
not have serum cotinine levels obtained, 819 did not 
have dietary data available, and 179 did not have 
serum or red blood cell folate levels obtained, leaving 
15,564 subjects (78% of adult participants) available 
for analysis. The 2,598 subjects who participated in 
the examination but were excluded from this study 


were similar to the 15,564 subjects included in the 
study with regard to SES, sex, smoking status, and 
reported smoke exposure (p > 05 for each) but were 
more likely to be age 70 years or older (12.9% vs. 
10.4%, />< .01) or black (16.5% vs. 10.6%, p<. 01). 

The demographics of the study population are 
shown in Table 1. Older subjects were less likely to 
have high exposure to environmental tobacco smoke 
or to be current smokers than younger subjects 
(p<.001). Among all subjects with no reported 
tobacco ot nicotine use in the previous 5 days, 
65.7% of subjects in the high exposure to passive 
smoke category reported tobacco smoke exposure at 
home or work, whereas only 9.0% of subjects with 
the lowest cotinine levels reported this exposure 
(pc.001). All indicators of folate intake (geometric 
mean daily folate intake from 24-hr recall, geometric 
mean total daily folate intake, and proportion with 
folate-containing vitamin intake) decreased with 
increasing smoke exposure, and both indicators of 
folate status (geometric mean serum folate and mean 
red blood cell folate) also decreased with increasing 
smoke exposure {p < .01 for each comparison). 

In the linear regression models, both active and 
passive smoking were associated with decreased red 
blood cell folate levels. The r 2 value for the adjusted 
model, which included the cotinine category, age, sex, 
race/ethnicity, SES, log of the daily estimated folate 
intake, vitamin usage, and alcohol intake, was 0.31 
(Table 2). Similarly, both active and passive smoke 
exposure were associated with decreased log serum 
folate levels, with 0.36 as the r 2 value for the adjusted 


Table 1. Covariates of age, race, sex, socioeconomic status (SES), and mean or geometric mean levels of serum folate, 
red blood cell (RBC) folate, daily folate intake, daily fruit and vegetable intake, total daily Folate intake, and proportion with 
folate-containing vitamin intake 


Calegory 


Cofinine levels 
Age (years) 

17 to <50 
50 to <70 
270 

Race/ethnieity 

White 

Black 

Mexican American 
Other 
Male 
Low SES 

230 Drinks of alcohol per month 
Geometric mean serum folate 
Mean RBC folate 

Geometric mean daily folate intake 
Proportion with folate-containing vitamin intake 
Geometric mean total daily folate Intake 


Covarlates and oulcomes by smoke exposure category 


Smokers 
{n= 4,508) 


2l5ng/ml 

73.8% (1.1) 
20 . 6 % ( 1 . 0 ) 
5.6% (0.4) 

78.7% (1.3) 
12.3% (0.8) 
3.3% (0.3) 
5.7% (0.8) 
56.9% (0.8) 
71.9% (1.6) 
14.3% (0.8) 
9.8 nmol/1 (0.3) 
379n mol/1 (5.6) 
204 pg (4.1) 
24% (1.2) 

260 pg (5.1) 


High exposure 
to passive smoke 
(0=3,279) 


0.4 to <15ng/ml 

71.9% (1.2) 
21 . 1 % ( 1 . 0 ) 
7.0% (0.6) 

68 . 8 % ( 1 . 8 ) 
16.1% (0.9) 
5.6% (0.5) 
9.5% (1.1) 
52.1% (1.2) 
64.6% (2.1) 
11 . 2 % ( 1 . 0 ) 
11.3 nmol/1 (0.5) 
415 nmol/I (7.4) 
216pg (6.6) 
26% (1.1) 
278 fig (9.1) 


Moderate exposure 
to passive smoke 
(n=3,983) 


0.1 to <0.4ng/ml 

64.3% (1.2) 
24.6% (1.0) 
11.1% (0.7) 

76.2% (1.6) 
9.5% (0.7) 
5.7% (0.6) 
8 . 6 % ( 1 . 2 ) 
45.7% (1.1) 
51.6% (1.9) 
5 . 8 % ( 0 . 6 ) 
13.1 nmol/I (0.4) 
474nmol/l (7.3) 
227 pg (4.8) 
32% (1.4) 
309 pg (5.2) 


Low exposure 
to passive smoke 
(rt=3,794) 


<0.1 ng/rnl 

56.9% (1.9) 
24.4% (1.3) 
18.7% (1.4) 

79.9% (1.8) 
5.1% (0.6) 
6.9% (0.7) 
8.1% (1.4) 
34.7% (1,1) 
45.3% (2.2) 
7.8% (1.3) 
16.0nmd/l (0.5) 
532 nmol/I (8.6) 
236 pg (6.9) 
37% (1,0) 
346 pg (8.2) 


The data are stratified into smokors and three groups of passive smokers, on the basis of serum cotinine levels, and list the weighted 
proportion of each covariate or the weighted mean or geometric mean value. The standard error ot each estimate is given in 
parentheses. From the Third National Health and Nutrition Examination Survey, 1988 - 1994 . 
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Table 3. Results of logistic regression models determining the effect of active and passive smoke exposure on 
decreased serum and red blood cell folate levels and increased mean corpuscular volume (MCV) 




Regression models predicting outcomes 



Smokers 

High exposure to 

Moderate exposure to 

Low exposure to 


(n- 4,508) 

passive smoke (n= 3,279) 

passive smoke (n=3,983) 

passive smoke (n=3,794) 

Odds ratios ol red blood cell (date level <340nmol/l (95% confidence interval) 


Unadjusted 

3.4 (2.9-3.9) 

2.3 (1,9-2 7) 

1.5 (1.3-1.8) 

Referent 

Adjusted 8 

2.4 (2.0—2.8) 

1.5 (1.3-1.9) 

1.3 (1.1-1.5) 

Referent 

Odds ratios of serum folate level 

<6.8 nmol/I (95% confidence interval) 


Unadjusted 

4.3 (3.4—5.5) 

2.9 (2.3-3 6) 

1.8 (1.4—2.4) 

Referent 

Adjusted” 

3.2 (2.4—4.t) 

2.0 (1.5-2.6) 

1.5 (1.1-2.0) 

Referent 

Odds ratios of MCV SrloOfL (95% confidence interval) 



Unadjusted 

3.2 (2.0-5.2) 

0.9 (0.6-1.6) 

1.1 (0.5-2.2) 

Referent 

Adjusted 3 

4.3 (2.5—7.4) 

1.4 (0.8-2.4) 

1.5 (0.8-2.9) 

Referent 


From the Third National Health and Nutrition Examination Survey, 1988-1994. 

“Adjusted for age. sex, race/ethnicity, socioeconomic status, log daily folate intake from 24*hr recall, vitamin use, and alcohol use. 


Decreased folate intake has been shown to be 
associated with an increased risk of breast cancer 
(Zhang et ah, 1999) and colon cancer (Giovannucci 
et al., 1998). Evidence from intervention trials has 
shown that consumption of folic acid before concep¬ 
tion and during early pregnancy will prevent many but 
not all neural tube defects (Berry et ah, 1999; MRC 
Vitamin Study Research Group, 1991). Our data 
provide evidence that decreased folate levels related to 
smoke exposure may be important in studies linking 
active or passive smoking and diseases such as breast 
cancer, colon cancer, and birth defects (Chao, Thun, 
Jacobs, Henley, Rodriguez, & Calle, 2000; Johnson, 
Hu, & Mao, 2000; Lieff, Olshan, Werler, Strauss, 
Smith, & Mitchell, 1999). 

Recent analysis of a large Canadian database has 
shown that exposure to tobacco smoke was associated 
with an increased risk of breast cancer in premeno¬ 
pausal women (odds ratio 2.3, Cl 1,2 to 4.6) (Johnson 
et al., 2000). Although colon cancer has been asso¬ 
ciated with active smoking only recently (Chao et al., 
2000), previously it was associated with occupational 
exposures to soot and wood smoke, which contain 
constituents similar to those found in tobacco smoke 
(Gerhardsson de Verdier, Plato, Steineck, & Peters, 
1992). New evidence suggests that genetic damage is 
not minimized until red blood cell folate levels are 
above 700 nmol/1 (Fenech, 2001). 

Passive exposure to tobacco smoke increases the 
risk of ischemic heart disease by 25%-30%, similar 
to the effect of smoking one cigarette daily (30% 
increment) (Law, Morris, & Wald, 1997). The precise 
mechanism for this risk is unknown, but several 
hypotheses include increased platelet aggregation, 
effects on vascular endothelium, and worsened exercise 
tolerance (Howard & Thun, 1999). Effects of tobacco 
smoke on folate, which previously was linked to heart 
disease (Morrison, Schaubel, Desmeules, & Wigle, 1996; 
Voutilainen, Lakka, Porkkala-Sarataho, Rissanen, 
Kaplan, & Salonen, 2000), provide another mecha¬ 
nism linking passive tobacco smoke exposure to heart 
disease. 


Our analysis found that folate intake was lower 
among people with the highest passive smoke expo¬ 
sure. A similar finding was reported previously using 
a different database (Law et al., 1997). 

There may be several explanations for our findings 
of decreased folate levels that persist after adjusting 
for dietary intake among people exposed to tobacco 
smoke. Misclassification of dietary intake, residual 
confounding, or differential absorption remain possi¬ 
ble explanations. Other studies have demonstrated 
that localized deficiencies of folate can occur in 
aerodigestive tissue and are thought to be related to 
elevated folate turnover in response to rapid tissue 
proliferation or repair, or to inactivation or alteration 
of its function by external agents such as tobacco 
(Heimburger, 1992; Piyathilake et al., 1992). Free 
radicals and oxidants, which cause DNA and 
membrane damage, are present in higher levels in 
the gas-phase portion of tobacco smoke than in the 
particulate-phase portion and may play a role in local 
decreases in folate levels (Niki, Minamisawa, Oikawa, 
& Komuro, 1993; Pryor &. Stone, 1993). 

Our analysis is subject to several limitations. 
Because it is based on a cross-sectional survey, we 
cannot say with certainty that tobacco smoke expo¬ 
sure caused lower folate levels. Serum cotinine reflects 
recent tobacco smoke exposure, which may or may 
not represent the subjects’ typical exposure. Dietary 
recalls may not accurately nor completely reflect one’s 
true intake. These potential limitations are lessened 
because our findings in passive smokers were similar 
to those seen in active smokers, there was evidence of 
a dose response across passive smoking strata, and the 
findings were consistent in different strata of folate 
intake. 

In conclusion, our analysis of a representative 
sample of the U.S. population suggests lower serum 
and red blood cell folate levels among adults with 
passive exposure to tobacco smoke. This finding 
provides biological support for recent studies linking 
tobacco smoke exposure to heart disease and breast 
cancer and provides biological plausibility to examine 
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